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Nuclear p53 Immunoreaction Associated with Poor Prognosis of Breast Cancer
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p53 protein has been frequently detected at high levels in the nuclei of human breast cancer cells, We
analyzed immunohistochemically the association between nuclear localization of p53 protein and
clinical and histological parameters of breast cancer patients. Surgically resected tissues of 73 primary
breast cancers were processed by acetone fixation and paraffin embedding and examined using an
anti-p53 monoclonal antibody, PAb1801. p53 immunoreactivity was detected in the nuclei of cancer
cells in 17 cases (23%). The nuclear p53 immunoreaction was closely associated with overexpression
of c-erbB-2 protein (P<0.05), high histologic grade (P<0.01), advanced clinical stage (P<0.05), and
negative estrogen receptor status (P<0.01). When 31 cases which had been followed up for more than
50 months were examined, a positive nuclear pS3 immunoreaction was found to be significantly asso-
ciated with shorter overall survival of patients (P<0.01). These results suggest that immunohisto-
chemical examination of nuclear p33 protein is clinically useful as an indicator of breast cancer

aggressiveness.
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Detection of biologically aggressive breast cancer is
important for prediction of relapse-free or overall sur-
vival of patients and for choosing an adjuvant systemic
therapy effective for delaying the relapse of overt cancer.
At present, TNM clinical stage and/or status of lymph
nodal metastasis are the predominant prognostic factors.
However, other parameters have also been shown to be
significant prognostic indicators, e.g., hormone receptor
status, histologic grade,'™ and DNA ploidy pattern in
primary breast cancer tissue.*® Extensive studies on
genetic alterations in cancer cells at the DNA level and
immunchistochemical investigations using specific mono-
clonal and polyclonal antibodies have revealed that sev-
eral alterations in oncogenes and the levels of expression
of their products could be potentially significant prognos-
tic indicators. For example, amplification of the c-erbB-
2 and c¢-mye proto-oncogenes and overexpression of their
products are known to be associated with aggressive
clinical behavior of breast cancer.*'®

Inactivation or abnormal expression of tumor suppres-
sor genes 15 also suggested to play an important role in
human cancer development. One of these tumor-
suppressor genes, p53 gene, codes for 53-kDa nuclear
protein.'” Mutation of the p53 gene at a highly conserved
sequence and alteration in the expression of p53 protein
are frequently present in human malignancies.">* Im-
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munochistochemically, nuclear p53 localization has also
been shown frequently in various types of human
cancers.”*'® In human breast cancer cell lines, mutation
of the p53 gene and altered expression of its protein are
common events, and p53 protein has been detected im-
munohistochemically in the nuclei of cancer cells.'” In
this study, we examined the association between nuclear
P33 immunoreaction and the prognosis of patients with
human breast cancer in order to clarify the clinical
significance of examining p53.

MATERIALS AND METHODS

Patients We investigated a total of 73 primary breast
cancers from 31 patients who had undergone radical or
modified radical mastectomy at the National Defense
Medical College Hospital, Tokorozawa, Saitama, be-
tween 1986 and 1987, and 42 patients who had under-
gone similar operations at the National Cancer Center
Hospital, Tokyo, in 1990. Each tumor was divided into
four parts: (1) formalin-fixed paraffin-embedded tissue
for routine histopathological diagnosis, and for im-
munohistochemical study of c-erbB-2 protein expression,
(2) fresh frozen tissue for examination of estrogen recep-
tor (ER)® status using enzyme-linked immunosorbent
assay, (3) acetone-fixed paraffin-embedded tissue pro-
cessed by the AMeX (acetone, methyl benzoate, xylene)
method,'” which was thereafter stored at 4°C until im-
munohistochemical study of p53 protein, and (4) stock
tissue frozen at —80°C until required for assay. The
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clinical stage of the cancer at the time of surgery was
defined according to the TNM system. Histologic grad-
ing of the primary tumor was performed according to a
systeg;m’ based on a modification of the WHO classifica-
tion.

The 31 patients in the first series of this study ranged

in age from 26 to 73 years (mean, 49.1 yr). Of these
patients, 29 had undergone curative surgery, and two had
had palliative surgery because of distant metastasis.
Breast cancer recurred in 9 of the patients (29%) and
four (13%) died due to metastases during the follow-up
period. Tumor sizes on palpation (largest dimension)
ranged from 1.0 to 8.0 cm. For all patients, follow-up
data for periods longer than 50 months were available. In
the 42 cases in the second series, the patients ranged in
age from 29 to 72 years, and tumor size on palpation
ranged from 1.0 to 11 cm. For all 42 cases, curative
surgery was performed. Information on ER status was
available in 61 cases.
Immunchistochemistry An antibody against p53 protein,
PAbL1801, was used for immunohistochemisiry. PAb1801
(Oncogene Science, Inc., Manhasset, NY), is a murine
monoclonal antibody against human p33, recognizing a
denaturation-resistant epitope between amino acids 32
and 79 (Banks et al 1986"), and has been shown to
recognize both the wild-type and mutant forms of p53
protein. AMeX-processed paraffin-embedded cancer
tissue was cut into 5-um sections, deparaffinized in xylene
and rehydrated in acetone. Sections were post-fixed with
4% paraformaldehyde in phosphate-buffered saline
(PBS) for 5 min, washed in water, and preincubated in
2% normal swine serum in PBS. The sections were then
incubated at room temperature overnight with mono-
clonal antibody. PAb1801 was used at a dilution of 1:100.
After being washed with PBS, they were incubated for 30
min with biotinylated horse anti-mouse immunoglobulin
as a secondary antibody (Vector Laboratories Inc.,
Burlingame, CA) diluted 1:200. Subsequently, they were
incubated for 30 min with avidin-biotinyl-peroxidase com-
plex using a Vectastain ABC kit (Vector) diluted 1:100.
The peroxidase reaction was performed using 0.02%
3,3’-diaminobenzidine tetrahydrochloride-hydrogen per-
oxide as a chromogen, and 0.01 M sodium azide was used
as an endogenous peroxidase inhibitor in Tris buffer
(pH 7.6) for 5-10 min. Nuclear counterstaining was
performed with 195 methyl green (Chroma, Kongen,
Germany). Between each step, the slides were washed
three times (5 min each) in PBS,

The results of the immunoreaction were the same
between frozen sections and AMeX sections in each case
of the first series, indicating the applicability of AMeX
sections for detection of p53 by PAb1801.

Formalin-fixed paraffin-embedded tissue was also cut
into 5-um-thick sections and subjected to immunohisto-
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chemical analysis of c-erbB-2 expression according to
the method described previously, using a polyclonal anti-
body against c-erbB-2 protein® (Nichirei Inc., Higashi-
murayama, Tokyo). Criteria for judgment of the c-e#bB-2
immunoreaction have been described previously.’’? We
judged that c-erbB-2 protein was overexpressed when
immunoreaction was strongly positive (+ +), and we
judged that it was not overexpressed when immunoreac-
tion was weakly positive (+) or negative(—).
Statistical analysis Association of p53 expression with
the number of metastatic lymph nodes, tumor size on
palpation, overexpression of c-erbB-2 protein and ER
status was calculated by using the chi-squared test.
Curves for overall survival were drawn according to the
Kaplan-Meier method,” and differences between the
curves were analyzed by applying the generalized
Wilcoxon test.*

RESULTS

A distinct nuclear immunoreaction for p53 was judged
as positive, Seventeen (239) of the 73 cases showed a
positive immunoreaction with PAb1801 (Fig. 1). Posi-
tive cells were distributed evenly in the cancerous tissue,
and there were 3 cases of 50-60% of positivity in tumor
cells, 9 of 70-80%, and 5 of more than 90% in the 17
positive cases. In the positive cells, the nuclear staining
pattern was diffuse. Cytoplasmic staining was seen in a
few cases, but its intensity was very weak.

The number of cases showing a nuclear p53 im-
munoreaction with PAb1801 was significantly larger
among those with overexpression of c-erbB-2 protein
(P<0.05), those of histologic grade 3 (P<0.01), those
with negative ER status {P<(0.01), and those at clinical
stage III or IV (P<0.05). There was no significant
association between nuclear p53 immunoreaction and
tumor size on palpation, or lymph node status. How-
ever, the incidence of p53-positive cases was relatively
high (40%) among those with tumors 5.0 cm or larger
(Table I).

There was a strong association among overexpression
of c-erbB-2 protein, nuclear p53 immunoreaction and
histologic grade of breast cancer. Overexpression of c-
erbB-2 protein and/or nuclear p53 immunoreaction were
detected in 14 (56%) of 25 grade 3 cases, but in only 12
(289) of 43 grade 2 cases and in none (0%) of five
grade 1 cases (Table II).

In the first series, the nuclear p53 immunoreaction was
positive in three (75%) of four patients who died of
breast cancer, whereas only one of 26 patients died
among the negative cases. There was a significant differ-
ence in the overall survival curves between the group
with a positive p53 immunoreaction detected by PAb-
1801 and the other group with no p53 immunoreaction



p53 Abnormality in Breast Cancer

Fig. 1. Photomicrograph of primary breast carcinoma stained by p53 monoclonal antibody, PAb1801. A: Positive
case. Nuclear staining is distributed diffusely and evenly. B: Negative case. No nuclear staining is detectable,

(Fig. 2, P<0.01). However, there was no significant = DISCUSSION
difference between the disease-free survival curves when
the two pS53-positive patients who had undergone pallia-
tive surgery were excluded from the analysis.

The clinical significance of p33 expression has already
been examined in Caucasian patients with breast cancer.
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Table I. Correlation between p53 Nuclear Staining with PAb1801 and Clinical and Histological Param-
eters in Breast Cancer Patients

p53 immunoreactivity, number of cases (%)

P value
— + total
A. Axillary lymph node status NS
no metastasis 27 (77 8 (23) a5
metastasis 29 (76) 9 (24) 38
B. Tumor size NS
<5cm 50 (79) 13 (21) 63
>5cm & (60) 4 (40) 10
C. Overexpression of c-erbB-2 protein P<0.05
positive 11 (56) 9 (44) 20
negative 47 (90) 6 (10) 53
D. Estrogen receptor P<0.01
positive 35 (90) 4 (10) 39
negative 11 (50) 11 (50) 22
E. Stage P<0.05
I 16 (100) 0 {(0) 16
II 28 (74) 10 (26) 38
II 11 (65) 6 (35) 17
v 0 {0) 2 (100) 2
F. Histologic grade P<0.01
1 5 (100) 0 (0) 5
2 38 (88) 5 (12) 43
3 13 (52) 12 (48) 25

NS, not significant.

Table II. Association among Nuclear p53 Immunoreaction, Overexpression of c-¢rbB-2 Protein and
Histologic Grade of 73 Breast Carcinomas

Number of cases (%)

Nuclear p53 immunoreaction and

overexpression of ¢-erbB-2 Histologic grade

1 2 3
P33 positive o (O 2 (5 7 (28)
c-erbB-2 overexpressed
P53 positive o (0 0(0) 2 (5) 12 (28) 4 (16) 14 (56)
c-erbB-2 not overexpressed
P53 negative 0 O 8§ (18) 3 (12)
c-erbB-2 overexpressed
P53 negative 5 (100} 1 (7)) 11 (44)
c-erbB-2 not overexpressed
Total 5 (100) 43 (100) 25 (100)

Crawford et al first detected circulating antibody against munohistochemical studies have found a correlation be-
p53 in sera of 9% of cancer patients. They found  tween p53 immunoreaction and clinical or histological
subsequently that 249 of breast carcinomas show nu- parameters of breast cancer, e.g., negative ER status,
clear p53 protein immunohistochemically.” Recent im-  positive epidermal growth factor receptor status, high
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Fig. 2. Kaplan-Meier overall survival curves for patients with
breast carcinoma with regard to the immunoreaction with PAb-
1801. A: Positive cases (5 cases). B: Negative casés (26 cases).

histologic grade of tumor, and high Ki-67 score.”” In
Japanese patients, we were able to confirm that nuclear
p53 immunoreaction was more frequent in aggressive
breast cancers, e,g., those with overexpression of c-erbB-
2 oncoprotein, histologic grade 3, advanced clinical
stage, and negative ER status. Our data also suggested
that immunohistochemistry for p53 protein using ace-
tone-fixed paraffin-embedded sections would be clinically
useful for predicting the prognosis of patients.
Generally, the nuclear p53 immunoreaction is consid-
ered to reflect nuclear accumulation of mutant p53 pro-
tein, which is coded by the mutated form of the p53 gene
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and has a prolonged half-life. The mutant p53 protein has
been shown to form a complex with heat-shock protein
(HSP70) in experiments using a human cancer cell
line.”**” Furthermore, in studies of lung, breast, and
colorectal cancer cell lines and tissues, most of the
cancers showing the nuclear p53 immunoreaction were
also found to carry a mutation of the p53 gene.'> '*1®
From these findings and our present ones, it is suggested
that breast cancer showing a positive nuclear p53 im-
munoreaction carries the mutated p53 gene, and that
mutation of p53 may play an important role as a mecha-
nism for aggressive biological behavior of human breast
cancer.

Both nuclear p53 immunoreaction and overexpression
of c-erbB-2 protein were frequently detected in histologic
grade 3 breast cancers, which have a poor prognosis. A
high histologic grade of breast cancer is determined by
the presence of structural and nuclear atypia and an
increased number of mitotic figures in cancer cells.
Therefore, alterations in p53 and c-erbB-2 protein are
suggested to be involved in loss of differentiation, forma-
tion of nuclear polymorphism and a coarse chromatin
pattern, and/or rapid growth of breast cancer.
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